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(57) A method for controlling access of a subscriber 
station to a wireless communications system facilitates 
the maintenance of a performance target of the reverse 
link and desired geographic coverage of the reverse 
link. The method for controlling access of a subscriber 
station to a wireless communications system includes 
measuring a first performance indicator and a second 
performance indicator for a reverse link associated with 
a subscriber station seeking access to a wireless com- 
munications system. A blocking threshold value is es- 
tablished based upon the measured second perform- 
ance indicator and may be adjusted to allow more or 
less blocking based on any additional metrics that char- 
acterize the performance of the current subscriber sta- 
tions. The decision to grant or deny access of the sub- 
scriber station to the wireless communications system 
is determined based on a comparison of the measured 
first performance indicator to the established blocking 
threshold value. 
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Field of the Invention 

5 [0001] The present invention relates to a method and system for controlling access of a subscriber station to a 
wireless communications system. 

Background 

w [0002] The performance and coverage of a wireless communications system (e.g., a code-division multiple access 
system) depends upon the amount of interference in the relevant frequency band. Sources of interference may include 
the wireless communications system itself and external sources of electromagnetic energy. For example, transmission 
of mobile stations on the reverse link or the base station on the forward link may generate interference. Interference 
at a base station of a wireless system reduces reverse link coverage and/or reliability. Accordingly, a base station may 

is improperly drop a call of a subscriber station, a subscriber station may experience low voice quality or a high frame 
error rate, and a subscriber station may have an increased access failure rate. Thus, a need exists for a method for 
controlling reverse link access to address the aforementioned problems. 

Summary of the Invention 

20 

[0003] In accordance with the invention, a method and system for controlling access of a subscriber station to a 
wireless communications system facilitates the maintenance of a performance target (e.g., statistical reliability) of the 
reverse link and desired geographic coverage of the reverse link. The method and system for controlling access of a 
subscriber station to a wireless communications system includes measuring a first performance indicator and a second 

25 performance indicator for a reverse link of a base station that a subscriber station is seeking to access. A blocking 
threshold value is established based upon the measured second performance indicator. In one embodiment, the system 
decidesto grant or deny access of thesubscriberstation to the wireless communications system based on a comparison 
of the measured first performance indicator to the established blocking threshold value. In another embodiment, the 
system may decide to grant or deny access of the subscriber station to the wireless communications system based 

30 on a comparison of the first performance indicator, the second performance Indicator, or both to one or more corre- 
sponding blocking threshold values. Advantageously, the blocking threshold may be adjusted to allow more or less 
blocking (of access of the access-seeking subscriber station) based on any additional metrics that characterize the 
performance of the currently active subscriber stations. 

35 Brief Description of the Drawings 

[0004] 

FIG. 1 is a block diagram of an illustrative system for controlling access of a subscriber station to a wireless com- 
40 munications system in accordance with the invention. 

_ FIG. 2ls a flowchart generally illustratinga method for controlling access of a subscriber station to a wireless 
communications system in accordance with the invention. 

FIG. 3 is a flow chart illustrating another method for controlling access of a subscriber station to a wireless com- 
munications system in accordance with the invention. 
45 FIG. 4 is a flow chart illustrating an adjustment procedure for potentially adjusting a previous value of the blocking 

threshold in accordance with the invention. 

FIG. 5 is a flow chart illustrating another adjustment procedure for potentially adjusting a previous value of the 
blocking threshold in accordance with the invention. 

FIG. 6 is a graph of interference rise versus loading level at a base station site in accordance with the Invention. 

50 

Detailed Description of the Preferred Embodiments 

[0005] In accordance with the invention, FIG. 1 shows a block diagram of an access control system 13 for controlling 
access of a subscriber station 24 to a wireless communications system 11 to maintain reliability of the communications 
55 services provided to other subscriber stations (not shown) already using the wireless communications system 1 1 . The 
wireless communications system 11 includes a base station 10 coupled to a base station controller 26. In turn, the 
base station controller 26 is coupled to a telecommunications switch 30, which may provide access between the wireless 
communications system 1 1 and a public switched telephone network 28. 
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[0006] In the embodiment shown in FIG..1 , the access-control system includes a first measurer. 16 for measuring^- 
first performance indicator (e.g., interference rise on a reverse link of the base station 10) and a second measurer 18 
for measuring a second performance indicator (e.g., loading on the base station 1 0). For example, the first measurer 
16 may comprise a reverse link performance measurer and the second measurer 18 comprise a loading detector. 
5 Although the second measurer 1 8 is shown as an integrai portion of the base station 10, in an alternate embodiment 
the second measurer 18 may be located elsewhere, such as in the base station controller 26 or in the telecommuni- 
cations switch 30. 

[0007] The subscriber station 24 transmits an access request (e.g., access probes) to gain access to the wireless 
communications system 11 . A receiver 14 of the base station 10 may receive the access request. The receiver 14 is 

10 coupled to the first measurer 1 6 for measuring first performance indicator. 

[0008] In one embodiment, the first performance indicator represents an estimated interference rise on the reverse 
link from granting access to the subscriber station 24. The estimated Interference rise is based on one or more meas- 
urements of the transmission,(e.g., access request) from the subscriber station 24 to the base station 10. In one em- 
bodiment, the second measurer 1 8 detects the loading of the channels served by the base station 1 0. The loading may 

is be defined as the number of active channels of the base station 1 0 divided by the total number of available communi- 
cation channels on the air Interface of the base station 10.. 

[0009] The first measurer 1 6 and the second measurer 1 8 provide a first performance indicator and a second per- 
formance indicator that represent contemporaneous or time-related measurements for the subscriber station 24 seek- 
ing access to the base station 10. The first measurer 16 and the second measurer 18 output the first performance 

20 indicator and the second performance indicator to the blocking manager 20, 

[0010] The blocking manager 20 references a database 22, which may store a desired relationship of the first per- 
formance indicator versus the second performance indicator (e.g., interference rise versus loading). The blocking man- 
ager 20 decides whether to grant access of the subscriber station 24 to the base station 1 0 or the wireless communi- 
cations system 11 based on a comparison of the first performance indicator and the second performance indicator to 

25 the desired relationship.- For example, the first performance indicator is compared to a blocking threshold of the desired 
relationship, where the second performance indicator determines the selection of an appropriate value of the blocking 
threshold. If the blocking manager 20 decides to grant access of the subscriber station 24 to the wireless communica- 
tions system 1 1 , the access approval is transmitted to the subscriber station 24 over transmitter 1 2. 
[0011] In another embodiment, access-control system may decide to grant or deny access of a subscriber station 

30 to the wireless communications system based on a comparison of the first performance indicator, the second perform- 
ance indicator, or both to one or more corresponding blocking threshold values. For example, the measured first per- 
formance indicator could be compared to an interference rise threshold value and the measured the second perform- 
ance indicator could be compared to a loading threshold value to determine whether to grant access to a subscriber 
station to the base station. Access could be granted (e.g., by a blocking manager) if both the interference rise threshold 

35 value and the loading threshold value were met. 

[001 2] In accordance with the invention, FIG. 2 shows a method for controlling access of a subscriber station 24 to 
a wireless communications system 11 . The method represents a call admission policy. An appropriate call admission 
policy facilitates meeting a desired level of signal quality or statistical reliability over a defined geographic coverage 
area for the reverse link of the currently active users, 

40 [001 3] The method of FIG. 2 starts in step S1 0, in which a base station 1 0 measures or obtains a first performance 
- _ Indicator and a second performance indicator for a reverse link of a base station 1 9to which asubscriber station seeks 
access. The subscriber station seeks to access the wireless communications system 11 by transmitting an access 
request or access probes on the reverse link to the base station 1 0. The first performance indicator generally includes 
interference rise (i.e., receive signal strength indicator rise from interfering subscriber stations) over the background 

45 noise floor. The backgrou nd noise floor Includes thermal noise and other electromagnetic noise in the receive bandwidth 
of the base station 10. The second performance indicator generally includes a loading level of a base station through 
which the subscriber station 24 seeks access to the wireless communications system 11. The second performance 
indicator may include the loading level associated with one or more geographic coverage areas within the. wireless 
communications system 11 . As used herein, a geographic coverage area may refer to a cell or a sector, for example. 

so Although the first performance indicator and the second performance indicator represent interference rise and loading 
for the illustrative embodiment in FIG. 2, in other embodiments the first performance indicator, and the second per- 
formance indicator may include one or more of the following: frame-error rate, bit-error rate, slgnal-to-lnterference ratio, 
slgnal-to-noise ratio, a grade of service, and a call blocking rate. 

[001 4] The relative interference rise is the ratio of the total reverse link power received by the base station 1 0 to the 
55 estimated background noise power in the relevant receive band. The total reverse link power may include contributions 
from all active subscriber stations transmitting on the reverse link. The interference rise may Include internal Interference 
from transmissions of the wireless communications system and external interference from radiating sources other than 
the wireless communications system 11. Interference rise may be measured with reference to the background noise 
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i ..,-v -floor in the electromagnetic frequency: range of reception of the. base:station./IO. For exampleiaheanterference/risee.^ 
may be expressed as decibels above the background noise floor. 

[0015] In one embodiment, at a base station site a base station 1 0 may measure interference rise by sampling the 
reverse link signal received from all or many of the currently active subscriber stations. The currently active subscriber 

s stations may include all subscriber stations other than the subscriber station 24 seeking access to the wireless com- 
munication system. In accordance with a preferred technique, the base station 1 0 statistically averages receive signal 
strength indicator (RSSI) samples over a minimum interval to reduce the impact of instantaneous variations in the 
received reverse link signal caused by short-term effects, such as transient voice activity, fading of the reverse link 
signal, and variations in subscriber station transmit power which occur during normal operation (e.g., during access 

10 probes). The interference rise generally provides a reliable indicator of reverse link coverage in field tests. Because of 
a conventional power control procedure, a subscriber station may increase its transmit power on the reverse link in 
response to increases in the interference rise where the subscriber station tries to overcome reverse link signal deg- 
radation induced by increased interference. Because mobile transmit power is limited, above a certain interference 
rise, the subscriber station cannot provide enough power to achieve the target signal-to-interference ratio at the base 

'5 station receiver. Thus, the subscriber station may suffer from degraded coverage that covers less of a coverage area 
with a benchmark statistical reliability. 

[001 6] The loading or loading estimate is an indicator of how much an addition of another subscriber station contrib- 
utes to a change in the interference rise. The loading is defined with reference to a subject cell, sector, or geographic 
coverage area, of the wireless communications system 11 , which may be commensurate in scope with the estimated 

20 resources required to support the addition of the subscriber station seeking access. The loading estimate allows the 
determination of interference contributions from internal sources and external sources. Internal interference refers to 
interference generated by the transmitting mobile stations or base stations in the wireless system itself, whereas ex- 
ternal Interference refers to other interference produced by sources that are not part of the wireless system. To some 
extent, the wireless communications system 11 may use power control to reduce or minimize internal interference. 

25 [0017J In step S12 of FIG. 2, the base station 10 or another network element (e.g., base station controller 26 or 
telecommunications switch 30) establishes a blocking threshold based upon the measured second performance pa- 
rameter. For example, a previous value of the blocking threshold may be based on a corresponding value of the second 
performance parameter at a particular instantaneous time or a particular time span during which the subscriber station 
24 seeks access to the wireless communications system 1 1 . The blocking threshold controls the extent to which access 

30 is granted or denied to an additional subscriber station 24 seeking access to the wireless communications system. 
The blocking threshold represents a control overload benchmark for determining whether to deny or grant the access 
of one or more subscriber stations to a base station 1 0 or the wireless communications system 1 1 . The blocking thresh- 
old may be expressed in units such as decibels above the background noise floor, a relative signal strength relative to 
a reference signal strength, or an absolute signal strength. 

35 [001 8] In step S1 4, the base station 1 0 or another network element determines whether the first performance indicator 
is less than or equal to the established blocking threshold (established in step S12). If the first performance indicator 
is less than or equal to the established blocking threshold, the method continues with step S1 6. However, if the first 
performance indicator is greater than the established blocking threshold, the method continues with step S18. If the 
first performance indicator exceeds the blocking threshold, the wireless communications system 11 rejects new call 

*o_ arrivals of one ormore subscriber stations to prevent coverage an d/or_performance degradation. The wireless com- 
munications system 11 may deny access to one ormore subscriber stations 24 regardless of whether the new call is 
a subscriber-terminated call or a subscriber-originated call. 

[001 9J In an alternate embodiment, the blocking threshold represents a blocking threshold range having a minimum 
limit and a maximum limit, based on quality of service and other operational constraints. For example, the minimum 
45 limit and the maximum limit may be determined based on anticipated variations in the reverse link frame error rate, a 
dropped call rate, or both. 

[0020] In step S14, the base station 10, telecommunications switch 30, base station controller 26, or another network 
element decides whether to grant or deny access to the subscriber station 24 seeking access .to the wireless commu-., . 
nications system 11 based on a comparison of the first performance indicator to the value of the blocking threshold. 

50 In step S16 consistent with an affirmative outcome of step S14, the wireless communications system 11 grants the 
subscriber station 24 access to the wireless communications system 11 . In step S1 8 consistent with a negative outcome 
of step S1 4, the wireless communications system 1 1 denies the subscriber station 24 access to the wireless commu- 
nications system 11 . The above procedure may be repeated after a waiting time following step S1 8 or upon the origi- 
nation of a new call to or from the subscriber station 24. 

55 [0021] Accordingly, the foregoing method of FIG. 2 facilitates the maintenance of a desired performance, of the 
wireless communications system 11, such as signal quality level or statistical reliability over a desired geographic 
coverage area. The blocking threshold may represent a dynamically adjustable admission criteria that considers one 
or more performance factors in limiting access to one or more subscribers 24 to the wireless communications system 
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scribers might otherwise experience poor signal quality under overloaded traffic conditions. If a subscriber station 24 
is denied access to the wireless communications system 11, the subscriber station 24 may seek access to an alternate 
communications service covering the same geographic area, such as a different carrier, an umbrella cell, satellite 
5 communications service, or an analog cellular communications service. Thus, a service provider may still capture 
revenue from subscribers that are denied access to an overloaded wireless communications system 11 by providing 
an alternate communications service for such denied subscribers following step S1 8. 

[0022] FIG. 3 illustrates another example of a method for controlling access of subscriber station 24 to a wireless 
communications system 11 in accordance with the invention. The definitions of terms used to describe FIG. 2 apply 
10 equally to FIG. 3. The method of FIG. 3 begins with step S1 00 in which a base station 1 0 or another network element 
establishes a relationship of blocking threshold values to loading levels at a base station site. The blocking thresholds 
are associated with corresponding loading levels. 

[0023] The blocking thresholds and corresponding loading levels may be described in a look-up table, a database 
22, a mathematical expression, or a graphical format suitable for storage in a storage device associated with the base 

15 station 1 0 or another network element. In one example, the blocking thresholds and their corresponding loading levels 
may represent different fields in tee database 22. In another example, a relationship between blocking threshold values 
and loading levels may be established by a mathematical expression, such as a linear equation or a step-function. The 
base station 10 or another network element could store the mathematical expression in a storage device. FIG. 6 de- 
scribes a graphic representation of the relationship between blocking thresholds and corresponding loading levels in 

20 greater detail. 

[0024] In step S1 02 following step S100, the base station 10 (or another network element, such as the base station 
controller 26 or the telecommunications switch 30) measures the actual loading level on a coverage area of a base 
station 1 0 associated with a subscriber station 24 seeking access to a wireless communications system 1 1 . The actual 
loading level is preferably commensurate in scope with the resources required to support one or more communication 

25 services for the mobile station seeking access to the wireless communications system 11 . 

[0025] In step S1 04, the base station 1 0 or another network element determines a corresponding blocking threshold 
based on the actual measured loading level with reference to the established relationship. Step S104 may entail ac- 
cessing a database storing the established relationship and retrieving desired data from the database. 
[0026] In step S106, the base station 10 measures an interference rise for the reverse channel of the subscriber 

so station 24 seeking access to the wireless communications system 1 1 . The interference rise and the blocking threshold 
values are preferably expressed in the same units (e.g., decibels above a noise floor) to facilitate comparison in step 
S108. 

[0027] In step S1 08, a base station 1 0 or another network element determines if a measured interference rise is less 
than or equal to the corresponding blocking threshold, determined previously in step S104, If the interference rise is 
35 less than or equal to the determined corresponding blocking threshold, the method continues with step S1 6. If the 
interference rise is greater than the corresponding blocking threshold (previously determined in step S1 04), the method 
continues with step S110. In an alternate embodiment, if the interference rise is equal to the corresponding blocking 
threshold, the method may continue with step S110, instead of step S16. 

[0028] In step S1 6, the wireless communications system 1 1 grants access of the subscriber station to the wireless 

40 s yst em. In contra st, in st ep S1 10 th e wireless c om munications system 11 deni es access of th e subscriber station 24 

to the wireless communications system 11 at least for a minimum interval based on the rate of repeating the above 
procedure. The method of FIG. 3 provides a pragmatic technique for maintaining quality of communications service 
for active subscribers by controlling access of new subscribers seeking to access the wireless communications system 
11 on a dynamic basis. 

45 [0029] FIG. 4 and FIG. 5 illustrate methods for adjusting a value of the blocking threshold to a revised value. The 
revised value of the blocking threshold seeks to better reflect the impact of adding an access-seeking subscriber station 
to the wireless system than a previous value of the blocking threshold. The method of FIG. 4 may be applied to the 
. - - .access method of FIG.2(betweenstepsS12andS14)orFIG.3.(anywherefollowingstep.S104.andbeforestepS10B).. 

Similarly, the method of FIG. 5 may be applied to the access method of FIG. 2 (between steps S12 and S14) or FIG. 

so 3 (anywhere following steps S1 04 and before S1 08). Further, the method of FIG. 4 and FIG. 5 may be used sequentially 
in any order. 

[0030] The method of FIG. 4 starts with step S200, which may follow step S1 04 of FIG. 3, for example. In step S200, 
the base station 1 0 or another network element measures the reverse frame error rate (RFER) of a reverse channel 
and a dropped call rate at a base station through which a subscriber station 24 seeks access to a wireless communi- 
55 cations system 11. 

[0031] In step S202, the base station 1 0 or another network element determines if the measured RFER is less than 
a nominal RFER value by more than a first limit, The nominal value of the RFER is selected to meet a target performance 
of statistical availability or reliability within a defined coverage area of the wireless communications system. The first 
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the target performance such that the access-seeking subscriber station may be provided with access to the wireless 
communications system on a more inclusive basis than otherwise warranted. If the measured RFER is less than the 
nominal RFER value by more than the first limit, the method continues with step S204. Otherwise, the method continues 
5 with step S208. 

[0032] The nominal RFER value and the first limit may comprise operator-definable parameters that are program- 
mable into the base station. The nominal RFER values and the first limit may be selected based on empirical meas- 
urements or other considerations. The first limit represents a tolerance or deviation, from the nominal RFER, which is 
regarded as significant and is consistent with maintaining reliable performance for existing active subscriber stations. 
io [0033] In step S204, the base station 1 0 or another network element determines if the dropped call rate is less than 
a nominal dropped call rate value by more than a second limit. The second limit represents a tolerance from the nominal 
dropped call rate value where the actual performance is significantly improved from the target performance such that 
the access-seeking subscriber station may be granted access to the wireless communications system on a more in- 
clusive basis than otherwise warranted. If the measured dropped call rate is less than the nominal dropped call rate 
15 by more than the second limit, the method continues with step S206. Otherwise, the method continues with step S208. 
[0034] The nominal dropped call rate and the second limit may comprise operator-definable parameters that are 
programmable into the base station. The nominal dropped call rate and the second limit may be selected based on 
empirical measurements or other considerations. The second limit represents a tolerance or deviation, from the nominal 
dropped call rate, which is regarded as significant and is consistent with maintaining reliable performance for existing 
20 active subscriber stations. 

[0035] In step S206, th e base station or another network element temporarily changes a previous value of the blocking 
threshold to a revised value to reduce blocking of new calls and to accept more new calls. For example, if the blocking 
threshold is defined as a desired interference rise, the base station or another network element temporarily increases 
a previous value of the blocking threshold to a revised value. However, in an alternate embodiment the blocking thresh- 
es old may be defined as a certain signal-to-noise ratio affiliated with a base station, where the signal-to-noise ratio is 
temporarily decreased to grant access to additional subscriber stations seeking access to the base station. The deter- 
mined blocking threshold of step S1 04 may be regarded as a previous value of the blocking threshold for purposes of 
step S206 and step S208. Accordingly, the changed blocking threshold permits the grant of access to additional sub- 
scriber stations 24 that might otherwise be denied access to the wireless communications system. Following step 
30 S206, the method may continue with step S1 06 of FIG. 3, for example. 

[0036] In step S208, the base station 1 0 or another network element retains the previous value of the blocking thresh- 
old (e.g., determined in step S104 of FIG. 3) or may proceed to execute the method of FIG. 5. If the base station 10 
or the other network element retains the previous value without proceeding to the method of FIG. 5, the method may 
continue with step S106 of FIG. 3, for example. 
35 [0037] In an alternate embodiment of FIG. 4, the base station 1 0 or another network element may only measure the 
RFER of a reverse channel or a dropped call rate, rather than both the RFER and the dropped call rate. Further, the 
initial value of the blocking threshold may be changed to revised value to reduce blocking based on the RFER alone 
or the dropped call rate alone. 

[0038] The method for FIG. 5 starts with step S300, which may follow step S1 04 of FIG. 3, for example. In step S300, 

_ _ - J°- the base station 1.0 measures the. reverse. frame error rate_(R FEB) of a reverse channel and a dropped. calLrate at a 

base station 1 0 through which a subscriber station seeks access to a communications system 11 . 
[0039] In step S302, the base station 10 or another network element determines if the measured RFER is greater 
than a nominal RFER value by more than a third limit. The third limit represents a tolerance from the nominal RFER 
which reflects a significant departure from the nominal RFER and indicates noncompliance with a target performance 
45 parameter, such as a statistical reliability over a defined coverage area. If the measured RFER is greater than the 
nominal R FER value by more than thethird limit, the method continues with step S304. Otherwise, the method continues 
with step S308. 

.[0040], In step S304, the base station 10 or another network element determines if the.dropped call ratals greater ... 
than a nominal dropped call rate value by more than a fourth limit The nominal dropped call rate is consistent with 

50 meeting a target performance, such as a statistical availability or reliability of communications service over a defined 
coverage area. The fourth limit represents a tolerance from the nominal dropped call rate which reflects a significant 
departure from the nominal dropped call rate which is Inconsistent with meeting the target performance parameter. If 
the measured dropped call rate is greater than the nominal dropped call rate by more than the fourth limit, the method 
continues with step S306. Otherwise, the method continues with step S308. 

55 [0041] In step S306, the base station 10 or another network element temporarily changes a previous value of the 
blocking threshold to a revised value to Increase the blocking of new calls and accept fewer new calls. For example, 
if the blocking threshold is defined as an interference rise, the base station 1 0 or another network element temporarily 
decreases a previous value of the blocking threshold to a revised value. However, in an alternate embodiment the 
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noise ratio is temporarily increased to deny access to additional subscriber stations seeking access to the base station. 
Accordingly, the changed blocking threshold denies the grant of access to additional subscriber.stations that might 
otherwise be granted access to the wireless communications system 1 1 . Following step S3 06, the method may continue 
s with step S1 06 of FIG. 3, for example. 

[0042] In step S308, the base station 1 0 or another network element retains the previous value of the blocking thresh- 
old. If the base station or the other network element retains the previous value without proceeding to the method of 
FIG. 4, the method may continue with step S106 of FIG. 3, for example. If the method of FIG. 4 was completed imme- 
diately prior to executing the method of FIG. 5, the method does not revert back to FIG. 4. As used herein, any of the 
10 first, second, third, and fourth limits may be referred to as a specified amount. 

[0043] In an alternate embodiment of FIG. 5, the base station 1 0 or another network element may only measure the 
RFER of a reverse channel or a dropped call rate, rather than both the RFER and the dropped call rate. Further/ the 
initial value of the blocking threshold may be changed to revised value to increase blocking based on the RFER alone 
or the dropped call rate alone. 

15 [0044] FIG. 6 shows an illustrative arrangement of nominal blocking thresholds bounded by corresponding minimum 
limits and maximum limits of blocking thresholds based on the reverse frame error rate. FIG. 6 represents an illustrative 
relationship between blocking threshold values and loading levels, consistent with step S100 of FIG 3. Further, FIG. 
6 provides an example of minimum limits and maximum limits of blocking thresholds that may be applied to temporarily 
change to a revised value of a blocking threshold step S206 of FIG. 4 and step S306 of FIG. 5. The blocking thresholds 

20 represent overload control thresholds for preventing overloading of the wireless communications system with active 
subscriber stations. The blocking thresholds are shown as varying versus loading in a discontinuous or step-like man- 
ner. Under an alternate technique, the overload control thresholds may continuously vary versus loading. 
[0045] In FIG. 6, the vertical axis represents interference rise (i.e., RSSI rise) at a base station. The horizontal axis 
represents loading for a sector, a cell, or another geographic coverage region associated with the base station. The 

25 ideal RSSI-loading curve shows how interference rise increases with greater loading. The blocking threshold is pref- 
erably decreased from a highest blocking threshold at a corresponding lowest loading level to a lowest blocking thresh- 
old at the corresponding highest loading level, because addition of a user at a lower loading level results in a smaller 
increase in the interference rise than at a high loading level. Therefore, the impact of performance of the existing 
subscriber stations is less for lower loading levels. 

30 [0046] As illustrated In FIG. 6, the blocking threshold is decreased in three steps from a lowest loading range in a 
- first region, to an intermediate loading range in a second region, to a highest loading range in a third region. However, 
in an alternate embodiment the blocking threshold may be decreased as a linear function or a continuous curve. The 
first, second, and third regions are separated by the dashed lines in FIG. 6. 

[0047] A base station 1 0 or another network element may estimate loading on the wireless communications system 
35 in the accordance with various alternative techniques. Once the loading level is estimated, the nominal blocking thresh- 
old may be determined from a look-up table based on FIG. 6, for example. The different alternative techniques for 
estimating loading tend to vary in their degree of accuracy and implementation complexity. 

[0048] Under a first technique, given a number of primary traffic Walsh code channels used in the cell, channel rates, 
voice activity (measured or assumed), and other cell interference, the loading may be estimated as a percentage of 

40 the system's pole capacity. Pole capacity (N pote )Js defined as the maximum number of users ttiatjhe system, could 

support if subscriber stations had Infinite power. Under the first technique, loading may be expressed in accordance 
with the following mathematical expression: 

45 L=N/N polBI 

where N pote is pole capacity, and L is loading. This technique assumes that users are approximately identical with 

. respect to transmission. rate (e.g., vocoder rate), voice. activity, target channel quality and radio.frequency (ormicro-..,,. t 

wave) propagational environment. 
50 [0049] Under a second technique, given the time-domain interference rise data (Rise(t)) and time-domain Walsh 
code usage data (WC(t))(the reverse link voice activity time variation for each user can possibly be included into WC 
(t) corresponding to that user), the parametric fit of these data sets over the fixed time period could be performed 
according to the following model: 

55 

Rise(t) = rv(t) + A/(l- WC(t)*B), 
where Rise(t) is measured interference rise (e.g., data of RSSI levels) as a function of time, rv(t) is a generally random 
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communications system, A is an estimated external interference indicator, B is an internal loading or an internal inter- 
ference indicator, WC(t) is time-domain Walsh code data. The foregoing equation is usually solved to determine S, 
where the other variables are known. Depending on the relative strength of the parameters A and Bthat give the best 
5 fit (i.e., when the contribution from rv(t) is minimized), it is determined whether the interference in the cell is produced 
by internal loading (strong B contribution), or by external sources (strong 4 contribution). In accordance with the second 
technique, the loading is estimated according to the following mathematical expression: 



10 



20 



25 



35 



40 



L = WC(t) * B, 

where L is loading, WC(t) is time-domain Walsh code data, and B is a factor representing internal interference or the 
strength of an internal loading contribution from the wireless communication system itself. For example, internal loading 
contributions represent interference and noise contributions from other subscriber stations and base stations transmit- 
ting in the wireless communications system. In practice, once Rfse(t) = rv(t) +A/(1-WC(t) *B) is solved for B, the resultant 
value of B may, be applied to L = WC(t) * Bto determine the loading L 

[0050] Under a third technique, the cell site monitors incremental change in RSSI rise with arrival or departure of 
mobiles (characterized by the change in the number of Walsh codes used). Accordingly, under the third technique, 
loading may be estimated by the following mathematical expression: 



„. ., BRise' 
Rise+WO- 



dWC 



where §WC is a change in a number of Walsh codes supporting currently active subscriber stations, hRise is a change 
in interference level with the arrival or departure of the currently active subscriber stations, WC is a reference meas- 
urement of the number of active Walsh codes for a particular base station supporting the currently active subscriber 
stations, and Rise is a reference measurement of the interference level for the particular base station. WC and Rise 
so are time-dependent and may be expressed as functions of time. 

[0051] Under a fourth technique, given the signal-to-noise ratio Eb/No estimates for each subscriber station and their 
voice activity obtained from the channel elements of the base station, the same cell loading (or self-loading) is first 
estimated in accordance with the following equation: 



G k -\(E b /N Q ) k 
\ + G; x v k (E b /N Q ) k 



where N is the number of active subscriber stations using the cell, is the processing gain of the kth subscriber 
station, v k is the voice activity of the kth user, and Eb/No is the signal-to-noise ratio for the kth subscriber station. This 
self-loading is adjusted for the other cell interference eitherthrough an assumed factor or by measurements to obtain 
the loading L 

45 [0052] Any of the above techniques may be used to estimate loading on the base station 1 0 such that the nominal 
blocking threshold may be determined from FIG . 6 or another established relationship between loading and the nominal 
blocking threshold. The nominal blocking threshold may be adjusted or determined through the application of a com- 
bination of theoretical and empirical relationships, based on field and simulation data, with due consideration . of system 
implementation constraints. 

50 [0053] Although the nominal blocking threshold may represent a static value that depends upon loading, in FIG. 6 
the nominal blocking threshold 32 in any of the three regions may be adjusted between a maximum limit 34 and a 
minimum limit 36, consistent with maintaining a target performance of the wireless communications system. The use 
of a temporary blocking threshold other than the nominal blocking threshold 32 may be determined by reverse link 
frame error rate (RFER) and/or a dropped call rate being observed by a base station serving the subject geographic 

55 area. The temporary blocking threshold has a value within the minimum and the maximum limits (34, 36). Thus, a 
measured interference rise may be compared to a nominal blocking threshold value or a temporary blocking threshold 
value to determined whether to grant access to a subscriber station 24 seeking access to the base station 1 0. As used 
herein, the term blocking threshold value shall include atemporary blocking threshold value, a nominal blocking thresh- 
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[0054] RFER and the dropped call rate represent metrics for tracking the performance of the reverse link signal for 
active subscriber stations. The RFER and dropped call rate are indicators of the quality of service for one or more 
existing subscriber stations. If the RFER and/or the dropped call rate parameters indicate acceptable level of perform- 
s ance, the base station can relax the nominal blocking threshold value 32 to allow more calls and subscriber stations 
to access the wireless system. The RFER parameter could be derived as an average over all subscriber stations 
connected to a base station serving cell or a sector, orthe RFER could be based on the RFER measurements associated 
with the worst RFER value for an individual subscriber station or the aggregate worst RFER based on a group of 
subscriber stations. 

w [0055] The dropped call rate and the reverse link frame error rate (RFER) may be determined with reference to a 
sector, a cell, or another geographic coverage area associated with a base station of the wireless communications 
system. If one or more subscriber stations lack an acceptable RFER level or if the subject base station 1 0 has a higher 
dropped call rate, the foregoing subscriber stations, served by the subject base station, may be transmitting from a 
localized area of poor coverage or a dead spot. The RFER and the dropped call rate facilitate considering the impact 

is of adding one or more subscriber stations into a highly loaded wireless communications system, where the addition 
of new subscriber stations has a stronger impact than for a lightly loaded system for the same change in the loading. 
[0056] The base station may use the additional performance parameters, such as RFER and/or dropped call rate, 
all of the time or where the loading on the wireless system orthe base station exceeds some predetermined triggering 
threshold. The predetermined triggering threshold may be based on empirical measurements or other considerations. 

20 |f the activity on the system exceeds the predetermined triggering threshold, the risk of triggering power control insta- 
bility is higher. At high loading, contributions from individual mobiles are strongly coupled via power control and are 
not statistically independent. Therefore, both interference rise and loading estimates have a higher degree of inaccuracy 
in this operating region. This consideration justifies the use of the additional performance parameters to improve com- 
putation of the blocking threshold value. 

25 [0057] This specification describes various illustrative embodiments of the method of the invention. The scope of the 
claims is intended to cover various modifications and equivalent arrangements of the illustrative embodiments disclosed 
in the specification. 



30 Claims 

1. A method for controlling access of a subscriber station to a wireless communications system, the method com- 
prising the steps of: 

35 obtaining a first performance indicator and a second performance indicator for a reverse link associated with 

a subscriber station seeking access to the wireless communications system; 
establishing a blocking threshold value based on the measured second performance parameter; and 
deciding whether to grant or deny access to the subscriber station seeking access to the wireless communi- 
cations system based on a comparison of the first performance indicator to the obtained blocking threshold 

AO value . . _ _ 



2. The method according to claim 1 wherein the deciding step comprises denying access to the subscriber station if 
the first performance indicator exceeds the blocking threshold value to prevent degradation of performance of the 
wireless communications system. 

45 

3. The method according to claim 1 wherein the deciding step comprises granting access to the subscriber station if 
the first performance indicator is less than or equal to the blocking threshold. 

4. The method according to claim 1 wherein the obtaining step comprises obtaining an interference rise over the 
50 thermal noise floor as the first performance indicator and loading as the second performance indicator; the inter- 
ference rise over the thermal noise floor being a ratio of the total reverse link power received by a base station to 
the estimated thermal noise power In the receive band and the loading indicating how much each subscriber station 
contributes to interference. 

55 5. The method according to claim I further comprising the step of obtaining at least one of the reverse link frame error 
rate and dropped call rate to modify a value of the blocking threshold for use In the deciding step. 

6. The method according to claim 1 wherein the establishing step comprises establishing a blocking threshold range 
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- . ^ :M ; i^.definedby.a maximumblocking.threshold,<a minimum blocking threshold; wherein the maximum blocking thresholds 
and the minimum blocking threshold are determined based on estimated variation in the reverse frame error rate 
associated with the subscriber station. 

5 7. The method according to claim 1 wherein the obtaining step obtains a loading estimate as the second performance 
indicator and wherein the loading estimate includes interference contributions from subscriber stations in a subject 
cell and interference contributions from subscriber stations in other surrounding cells. 

8. The method according to claim 1 wherein the adjusting step further comprises: 

10 dynamically adjusting the blocking threshold value based on a loading estimate of a base station and at least 

one metric reflecting performance of active subscriber stations using resources of the base station. 

9. The method according to claim 1 wherein the adjusting step further comprises: 

dynamically adjusting the blocking threshold value based on at least one of reverse link frame error rate 
'5 (RFER) observed at a base station and a dropped call rate being observed at the base station. 

10. The method according to claim 1 wherein the adjusting step further comprises: 

relaxing the blocking threshold to allow more subscriber stations to access the wireless communications 
system if a reverse link frame error rate (RFER) and a dropped call rate indicate an acceptable level of performance 
20 of the wireless communications system. 

1 1 . The method according to claim 4 wherein the adjusting step further comprises: 

refining the adjustment of the blocking threshold value with reference to at least one additional performance 
parameter in addition to the interference rise and the loading if the loading on the wireless communications system 
25 exceeds a predetermined triggering threshold. 

12. A method for controlling access of a subscriber station to a wireless communications system, the method com- 
prising the steps of: 

30 establishing a relationship of blocking threshold values to loading levels on a coverage area of a base station; 

measuring an actual loading level on the base station associated with a subscriber station seeking access to 
a wireless communications system; 

determining a corresponding a blocking threshold value based on the actual measured loading level with 
reference to the established relationship; 
55 measuring an interference rise for the reverse channel of the subscriber station; and 

deciding whether to grant or deny access to the subscriber station seeking access to the wireless communi- 
cations system based on a comparison of the first performance indicator to the determined blocking threshold 
value. 

40 13. The method according to cla^imj^whe/e]n the deciding step^ 

if the first performance indicator exceeds the determined blocking threshold value to prevent degradation of per- 
formance of the wireless communications system. 

14. The method according to claim 12 wherein the deciding step comprises granting access to the subscriber station 
45 if the first performance indicator is less than or equal to the determined blocking threshold. 

15. The method according to claim 12 wherein the obtaining step comprises obtaining an interference rise over the 
thermal noise floor as the first performance indicator and loading as the second performance.indicator; the inter-. .. 
ference rise over the thermal noise floor being a ratio of the total reverse link power received by a base station to 

50 the estimated thermal noise power in the receive band and the loading indicating how much each subscriber station 

contributes to interference. 

16. The method according to claim 12 further comprising the step of obtaining at least one of the reverse link frame 
error rate and dropped call rate to modify the blocking threshold from a previous value to a revised value for use 

55 in the deciding step. 

17. The method according to claim 12 further comprising the steps of: 
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which a subscriber station seeks access to the wireless communications system; 

temporarily increasing a previous value of the blocking threshold to a revised value for use in the deciding 
step If the measured reverse frame error rate Is less than a nominal reverse frame error rate by more than a 
s specified amount and if the measured dropped call rate is less than a nominal dropped call value by more 

than a specified amount. 



18. The method according to claim 1 2 further comprising the steps of: 

10 measuring a reverse frame error rate of a reverse channel and a dropped call rate at the base station through 

which a subscriber station seeks access to the wireless communications system; 

• temporarily decreasing a previous value of the blocking threshold to a revised value for use in the deciding 
step if the measured reverse frame error rate is greater than a nominal reverse frame error rate by more than 
a specified amount and if the measured dropped call rate is greater than a nominal dropped call value by more 
15 than a specified amount 

19. The method according to claim 12 wherein the actual loading level is estimated according to the following math- 
ematical expressions: 



20 

Rise(t) = rv(t) + A/(1-WC(t)*B), and 



L = WC(t) * B, where Ftise(t) is measured interference rise as a function of time, rv(t) is a generally random 
clutter contribution to the measured interference rise in a propagational environment of the wireless communica- 
25 tions system, A is an estimated external interference indicator, B is an internal interference indicator, WC(t) is time- 

domain Walsh code data, and L is loading. 

20. The method according to claim 12 wherein the actual loading level is estimated according to the following math- 
ematical expression: 



30 



35 



40 



55 



wo dRise 

dlVC 

L = , where 8WC is a change in a number of Walsh codes 



Rise+WC* 



dWC 



supporting currently active subscriber stations, bRise is a change in interference level with the arrival or departure 
of the currently active subscriber stations, WC is a reference measurement of the number of active Walsh codes 
for a particular base station supporting the currently active subscriber stations, and Rise is a reference measure- 
ment of the interference level for the particular base station. 

21 . A system for controlling access of a subscriber station to a wireless communications system, the system compris- 
ing: 

a reverse-link performance measurer for measuring a signal performance parameter associated with the re- 
45 verse link transmission of the subscriber station; 

a loading detector for detecting the loading level of the channels served by the base station; 

a database for storing a desired relationship of a desired signal performance parameter value to a desired 
loading level; and . .. ^ . ....... 

a blocking manager deciding whether to grant access of the subscriber station to the wireless communications 
50 system based on a comparison of the measured performance parameter and the detected loading level to the 

desired relationship. 

22. The system according to claim 21 wherein the signal performance parameter comprises an interference rise level 
estimated from granting access of the subscriber station to the wireless communications system. 



23. The system according to claim 21 wherein the loading level represents a ratio of the active channels of a base 
station to the available channels of the base station. 
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FIG. 2 



MEASURE A FIRST PERFORMANCE INDICATOR AND A SECONO 
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FIG. 3 
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FIG. 4 



MEASURE REVERSE FRAME ERROR RATE (RFER) OF A REVERSE 
CHANNEL AND A DROPPED CALL RATE AT A BASE STATION 
THROUGH WHICH A SUBSCRIBER STATION SEEKS ACCESS 
TO A COMMUNICATIONS SYSTEM 
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FIG. 5 
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